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GHYHORSPHQWVLQWKLVDUHDKDYHIRFXVHGRQVRPHGHWDLOHGDVSHFWVRIRFFXSDQF\5HJDUGLQJWKHGHILQLWLRQRI5HLQKDUW
>@WKURXJKWKHGHOLQHDWLRQRIUHSUHVHQWDWLYHDFWLYHDQGSDVVLYHXVHUVWKHLQGLYLGXDOYDULDELOLW\ZKLFKFKDUDFWHUL]HV
KXPDQ EHKDYLRXU VKRXOG EH LQFRUSRUDWHG LQ EXLOGLQJ VLPXODWLRQV 6SHFLILFDOO\ 5HLQKDUW FODVVLILHG RFFXSDQWV DV
DFWLYHRUSDVVLYHGD\OLJKWLQJXVHUV >@+HGHILQHG DV DFWLYH WKHXVHUZKRSUHIHUV WRXVHQDWXUDO OLJKW DVPXFKDV
SRVVLEOHZKLOHDSDVVLYHXVHUWHQGVWRIDYRURQO\DUWLILFLDOOLJKW0RUHRYHUWKHVDPHGHILQLWLRQLVDSSOLHGWRWKHXVH
RI ZLQGRZ EOLQGV ZKHUH VRPHRQH ZKR RSHUDWHV WKH EOLQGV LQ RUGHU WR PD[LPL]H GD\OLJKW DYDLODELOLW\ RU DYRLG
GLVFRPIRUWGXHWRJODUHLVDFWLYHZKHUHDVDSDVVLYHXVHUPDQDJHVEOLQGVZLWKWKHLQWHQWLRQRIHOLPLQDWLQJGD\OLJKW
>@
7DNLQJ LWV FXH IURP WKH DERYHPHQWLRQHG VWXG\E\5HLQKDUW WKHFXUUHQW UHVHDUFK H[DPLQHV WKH LPSOLFDWLRQVRI
GLIIHUHQWW\SHVRIEXLOGLQJRFFXSDQWVUHODWHGWRWKHXVHRIZLQGRZV7KHSXUSRVHLVWRXQGHUVWDQGKRZWKHGLVWLQFWLRQ
EHWZHHQDFWLYHDQGSDVVLYHXVHUVFDQLQIOXHQFHWKHSUHGLFWHGHQHUJ\ORDGVLQDQRIILFHEXLOGLQJ7RWKLVHQGILUVWWKH
PRGHOGHILQHGE\+DOGLDQG5RELQVRQ>@LVFRQVLGHUHGDVDUHIHUHQFHVWRFKDVWLFZLQGRZPRGHO6XEVHTXHQWO\WKH
PRGHOHODERUDWHGE\3DU\V>@GHILQLQJDFWLYHDQGSDVVLYHXVHUV LV LPSOHPHQWHG)LQDOO\ WKHFRPSDULVRQEHWZHHQ
WKHGLIIHUHQWXVHUW\SHVLVFDUULHGRXWIRUHDFKVFHQDULRIRUWKHSHUIRUPDQFHLQGLFDWRUV±HQHUJ\XVHIRUFRROLQJDQG
KHDWLQJDQGWKHYHQWLODWLRQUDWHV
,PSOHPHQWHGZLQGRZRSHQLQJEHKDYLRXU
,QWKLVIUDPHZRUNWKHUHJUHVVLRQSDUDPHWHUVGHVFULELQJWKHSUREDELOLW\IXQFWLRQVRIWKHRFFXSDQWVREVHUYHGLQDQ
RIILFH EXLOGLQJ EDVHG RQ +DOGL DQG 5RELQVRQ¶V REVHUYDWLRQ >@ DUH HODERUDWHG WR REWDLQ DFWLYH DQG SDVVLYH
EHKDYLRXU+RZHYHU VLQFH WKLV UHVHDUFK LV D JHQXLQH HIIRUW WR UHIOHFW WKH QRWLRQ RI DFWLYH DQG SDVVLYH XVHUV WKH
UHIHUHQFHPRGHORI+DOGLDQG5RELQVRQLVQRWGLVFXVVHGLQGHWDLO7KHHQWLUHPRGHO¶VDQDO\VLVFDQEHIRXQGLQ>@
ZKLOHKHUHRQO\WKHPDLQVHFWLRQVDUHFRQVLGHUHG
3DU\V¶PRGHOUHODWLQJ WR WKHGHVFULSWLRQRIDFWLYHDQGSDVVLYHXVHUVZLWKUHJDUG WRFRQWURORSWLRQV LV WDNHQ LQWR
DFFRXQWLQWKLVSDSHU>@7KLVDSSURDFKLVDGRSWHGVLQFHLWGHILQHVWKHYDULDELOLW\DPRQJXVHUVLQDQLQWXLWLYHZD\
*RLQJLQWRWKHVSHFLILFVRIWKHGLVWLQFWLRQEHWZHHQXVHUVWKHZRUNFDUULHGRXWE\3DU\V>@LVVHOHFWHGDVDVWRFKDVWLF
ZLQGRZEHKDYLRXUDOPRGHOZKHUHDFWLYHDQGSDVVLYHXVHUVDUHGHVFULEHGDVWKHTXDUWLOHVRIWKHGDWDUHODWHGWRWKH
SHRSOH REVHUYHG$V UHSRUWHG E\+DOGL DQG5RELQVRQ >@ZKHQ WKH SUREDELOLW\ RI DFWLRQ LV  $ LW FDQEH
GHILQHGDVWKHFRPSDULQJLQGLFDWRURILQGLYLGXDOV3DU\VGHILQHV³active behaviour as the 25th percentile and passive 
behaviour as the 75th percentile of the set of individual A50-values, where A is the most influential driving variable of 
the respective probability function´>@0RUHRYHUWKHPRGHODVVRFLDWHGZLWKWKHGLIIHUHQWLDWLRQZLWKLQXVHUVDORQJ
ZLWKWKHDJJUHJDWHGPRGHORI+DOGLDQG5RELQVRQ>@LVD0DUNRYFKDLQFRQVLVWLQJRIWKUHHVXEPRGHOVRIZLQGRZ
RSHUDWLRQDUULYDOLQWHUPHGLDWHDQGGHSDUWXUHIRUERWKRSHQLQJDQGFORVLQJ
7KHIROORZLQJYDULDEOHVDUHPHDVXUHGE\+DOGLDQG5RELQVRQ>@DWPLQXWHLQWHUYDOVDVDQDGHTXDWHIUHTXHQF\
WR UHFRUG VKRUWWHUP RFFXSDQF\ SDWWHUQV LQGRRU WHPSHUDWXUH & RXWGRRU WHPSHUDWXUH GDLO\ PHDQ RXWGRRU
WHPSHUDWXUH&UDLQIDOOELQDU\YDULDEOHRQJRLQJSUHVHQFHGXUDWLRQPLQSUHFHGLQJDEVHQFHORQJHUWKDQKRXUV
ELQDU\IROORZLQJDEVHQFHORQJHUWKDQKRXUVELQDU\ZLQGRZKLJKHUWKDQJURXQGIORRUELQDU\3DU\VVWDUWLQJ
IURPWKHVDPHUHFRUGHGYDULDEOHVXVHGWKHGDWDREWDLQHGWRFUHDWHLQGLYLGXDOPRGHOV%RWKPRGHOV>@SUHGLFWWKH
SUREDELOLW\RIDFWLRQRSHQRUFORVHWKHZLQGRZXVLQJWKHORJLVWLFUHJUHVVLRQZKLFKLQIHUVWKHLQWHUDFWLRQEHWZHHQ
YDULDEOHVDFFRUGLQJWRWKHIROORZLQJHTXDWLRQ

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3URSRVHGPHWKRGRORJ\
7KH FDVH VWXG\ LPSOHPHQWHG IRU WKH VLPXODWLRQV LV D PHGLXP VL]HG RIILFH EXLOGLQJ >@ IHDWXULQJ  LQGLYLGXDO
KHDWLQJ]RQHVRIZKLFKHLJKWKDYHQRUWKIDFLQJZLQGRZVDQGWKHRWKHUVDUHVRXWKIDoDGHRULHQWHG(DFKRIILFHFHOOLV
HTXLSSHG ZLWK DQ RSHUDEOH ZLQGRZ ,Q WKLV OD\RXW HDFK WKHUPDO ]RQH LV FRQVLGHUHG VHSDUDWHO\ LQ D PXOWL]RQH
FRQWH[WZKLFK DOORZVPRUH GHWDLOHG UHVXOWV WR EH REWDLQHG 7KH SUHVHW WHPSHUDWXUHV IRU KHDWLQJ DQG FRROLQJ DUH
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FRQVLGHUHG&DQG&$&+LVSURYLGHGYLD WKHPHFKDQLFDOYHQWLODWLRQV\VWHPGXULQJWKHZRUNLQJKRXUV
LHIURPWRZLWKDOXQFKEUHDNIURPWR7KHLQVWDOOHGOLJKWLQJSRZHULVDVVXPHGWREH
:PZKLOH WKH LQWHUQDO JDLQVGXH WR WKHHTXLSPHQW GXULQJRFFXSLHGSHULRG DUH VXSSRVHG WREH:P7KH
RYHUDOODUHDJLYHQE\WKHVHWRIWKHUPDO]RQHVPRGHOOHGZLWKLQWKHEXLOGLQJVLPXODWLRQVRIWZDUHLVPDQG
WKHKHLJKWLVP7KHH[WHUQDOZDOOIDFLQJQRUWKKDVDWRWDOZLQGRZDUHDRIPZKLOHWKHRWKHURULHQWHGWR
VRXWKDPRXQWWRP7KHWKHUPRSK\VLFDOSURSHUWLHVRIWKHWUDQVSDUHQWFRPSRQHQWVLVGRXEOHSDQHJOD]LQJZLWK
8 >:P.@DQGRSDTXHFRPSRQHQWVDUHGHVFULEHGLQWKHWDEOHVEHORZ7DEOH3URFHGXUDOO\D0RQWH&DUOR
DQDO\VLVZLWK UXQV LVSHUIRUPHG LPSOHPHQWLQJ WKH LQGLYLGXDOEHKDYLRXUDOPRGHO DFWLYHSDVVLYHXVHUVDQG WKH
UHIHUHQFHRQHDVSUHVHQWHGSUHYLRXVO\LQ,'$,&(
7DEOH7KHUPRSK\VLFDOSURSHUWLHVRIWKHWUDQVSDUHQWFRPSRQHQWV
6LPXODWLRQUHVXOWV
,Q RUGHU WR YHULI\ WKH ILQDO HQHUJ\ SHUIRUPDQFHV GXH WR WKH DFWLRQ RQ ZLQGRZV E\ GLIIHUHQW XVHU W\SHV LW LV
IXQGDPHQWDO WR DQDO\VH KRZ EHKDYLRXUDO PRGHOV XQGHU VLPLODU ZHDWKHU FRQGLWLRQV SHUIRUP 7KHLU HIIHFW RQ
YHQWLODWLRQ UDWHVFRROLQJDQGKHDWLQJ ORDGV LVYHULILHG ,QSDUWLFXODU WKH UHVXOWVRIHDFKSHUIRUPDQFH LQGLFDWRUDUH
SUHVHQWHGVHDVRQDOO\ZLWKWKHDLPRIH[DPLQLQJWKHGLVFUHSDQF\EHWZHHQWKUHHW\SHVRIPRGHOV5HIHUHQFHZLQGRZ
RSHQLQJPRGHO>@$FWLYHDQG3DVVLYHXVHUV>@
4.1. ACH
7KH FRQVWDQW PHFKDQLFDO DLU FKDQJH UDWH LV DVVXPHG K DV D IL[HG DVVXPSWLRQ ZKLOH LW LV YDULDEOH LQ D
SUREDELOLVWLF DOJRULWKP¶VPRGHO IRUZLQGRZ RSHQLQJ 6LQFHZLQGRZ RSHQLQJ LV JRYHUQHG E\ LQGRRU DQG RXWGRRU
WHPSHUDWXUHZKHQ FRPSDULQJ GLIIHUHQW XVHUV LW FDQ EH QRWLFHG WKDW ZLWK WKH KLJKHVW DLU FKDQJH UDWH UHFRUGHG LQ


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&DQG0D[LPXP
RSHUDWLYHWHPSHUDWXUHIRUFRROLQJ&

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  >NJP@ >-NJ.@
FRQGXFWLYLW\
>:P.@
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  
&OD\3DQHO   
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VXPPHUVHDVRQWKHUHLVDUHPDUNDEOHYDULDWLRQEHWZHHQPRGHOV$&+LVHYHQWKUHHWLPHVKLJKHULQWKHPRGHOZLWK
WKHDFWLYHXVHUVLH$&+$FWLYHVXPPHU KFRPSDUHGWR WKHSDVVLYHXVHUVLH$&+3DVVLYHVXPPHU K)LJ
D7KHDFWLYHXVHUVDUHFOHDUO\WKHRQHVZKRDFWLYHO\VHHNWRRSHQWKHZLQGRZ
$FRPPRQSDWWHUQLQWKHLQWHUPHGLDWHDQGZLQWHUVHDVRQVFRPHVRXWIURPWKHDQDO\VLVRIDLUFKDQJHUDWHVYDOXHV
:LWK UHJDUG WR WKH FRPSDULVRQ EHWZHHQ WKH UHIHUHQFH PRGHO DQG WKRVH DFWLYH DQG SDVVLYH WKH UHIHUHQFH PRGHO
HQVXUHV WKH KLJKHVW YHQWLODWLRQ UDWH LQ ZLQWHU LH $&+5HIHUHQFHZLQWHU    K ZKLOH LQ VXPPHU DQG GXULQJ WKH
LQWHUPHGLDWHVHDVRQVLWLVKDQGKUHVSHFWLYHO\
7KHDLUFKDQJHUDWHYDOXHRIWKHUHIHUHQFHPRGHOGXULQJWKHFROGZLQWHUPRQWKVILWVZLWKKHDWLQJHQHUJ\XVHLQ
WKLVVHDVRQZKHQWKHDLUFKDQJHUDWHLVKLJKHUDQGWKHKHDWLQJV\VWHPXVHVPRUHHQHUJ\WRUHVWRUHWKHKHDWORVVHVGXH
WRKXPDQ LQWHUDFWLRQZLWKZLQGRZV5HVXOW IOXFWXDWLRQV LQ WKH VDPHRIILFHEXLOGLQJFDXVHGE\FKDQJLQJRFFXSDQW
SDWWHUQVDFWLYHSDVVLYHDQGUHIHUHQFHDUHSUHVHQWHGLQWKHIROORZLQJILJXUHV7RDGGUHVVWKHVHQVLWLYLW\RIWKH
SHUIRUPDQFH LQGLFDWRU UHVSHFW WR IOXFWXDWLRQV LQ RFFXSDQW EHKDYLRXU WKH VWDWLVWLFDO LQGLFDWRU &9 &RHIILFLHQW RI
9DULDWLRQLVDSSOLHG7KLVLQGLFDWRULVDQRUPDOL]HGPHDVXUHRIGLVSHUVLRQRIDSUREDELOLW\GLVWULEXWLRQRUIUHTXHQF\
GLVWULEXWLRQDQGLWLVGHILQHGDVWKHUDWLRRIWKHVWDQGDUGGHYLDWLRQWRWKHPHDQ7KHUHODWLRQEHWZHHQWKHSHUFHQWDJHV
RI&9 LV VKRZQ LQPDMRUGHWDLO LQ)LJ E ,W LV REVHUYHG WKDW WKH VDPHYDOXHRI&9DSSHDUV LQ WKHZLQWHU DQG
LQWHUPHGLDWHVHDVRQIRUERWKDFWLYHDQGSDVVLYHZKLOHLQVXPPHUWKHUHLVDYDULDWLRQ3DVVLYHXVHUVDUHWKHRQHVZKR
YDU\PRUHWKDQWKHRWKHUV&9$FWLYHVXPPHU ,WLVLPSRUWDQWWRFRQVLGHU6WDQGDUG'HYLDWLRQDQG&RHIILFLHQWRI
9DULDWLRQ WRJHWKHU)RU LQVWDQFHHYHQ LI WKH&9YDOXH LVJHQHUDOO\ WKH ORZHVW WKLVFRXOGEHQRW WUXH IRU VWDQGDUG
GHYLDWLRQ )LJ D VKRZV WKH FRUUHVSRQGLQJ 6'YDOXHVZKLFK DUH LQGLFDWRUV RI WKH UHVXOWV¶ IOXFWXDWLRQ GHULYLQJ
IURPWKHSUREDELOLVWLFDSSURDFK


4.2. Heating 
7KHFRQVWDQWPHFKDQLFDODLUFKDQJHUDWHLVDVVXPHGKDVDIL[HGDVVXPSWLRQZKLOHLWLVKLJKHULQDSUREDELOLVWLF
DOJRULWKP¶VPRGHOIRUZLQGRZRSHQLQJ7KXVWKHYDULDWLRQVLQ$&+EHWZHHQWKHGLIIHUHQWDSSURDFKHVKLJKOLJKWHG
ZKDW VKRXOG EH H[SHFWHG 9DU\LQJ WKH LPSOHPHQWDWLRQ RI RFFXSDQW EHKDYLRXUDO PRGHOV ZLWKLQ WKH EXLOGLQJ
VLPXODWLRQ WRRO LW UHVXOWV LQ DPRUH RU OHVV HQHUJ\ XVH$ ³PDQXDO´ VWRFKDVWLFZLQGRZ FRQWURO IRU DFWLYH DQG
SDVVLYHXVHUVLQFUHDVHVZLWKDYDULDWLRQRIDQGUHVSHFWLYHO\LQWKHZLQWHUVHDVRQ(+HDWLQJVWDQGDUGVXPPHU 
N:KP&RQVHTXHQWO\WKHYDULDWLRQEHWZHHQGLIIHUHQWXVHUVKDVDQLPSDFWRQWKHKHDWLQJHQHUJ\ORDGVHH
)LJD
0RGHOVGHILQHGE\DQDFWLYHXVDJHRIWKHZLQGRZUHJLVWHUHGDYDOXHKLJKHUWKDQSDVVLYHLQDOOVHDVRQVZLWKD
PD[LPXPGLIIHUHQFHRIN:KPLQWKHLQWHUPHGLDWHWLPHRI\HDU
)LJD0HDQYDOXHVDQGVWDQGDUGGHYLDWLRQE&9YDOXHVGHULYLQJIURP
WKHSUREDELOLVWLFDSSURDFKIRU$&+
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:KHQ FRPSDUHGZLWK WKH UHIHUHQFHPRGHO WKH KHDWLQJ HQHUJ\ ORDG LV HOHYDWHGZLWK UHVSHFW WR DFWLYH ǻ 
N:KPDQGSDVVLYHǻ N:KPFRQWURORIWKHZLQGRZ$FWXDOO\RSHQZLQGRZVGXULQJZLQWHUOHDGWRDQ
LQFUHDVHLQKHDWLQJHQHUJ\GHPDQGDVDUHVXOWRIKLJKWUDQVPLVVLRQORVVHV
)URPWKHDQDO\VLVRI6WDQGDUG'HYLDWLRQDQG&9YDOXHV)LJDELWLVGHGXFHGWKDWDOOEHKDYLRXUDOPRGHOV
UHIHUHQFHPRGHODFWLYHDQGSDVVLYHSUHVHQWYHU\ORZSHUFHQWDJHRIYDULDWLRQ

4.3. Cooling 
7KH ORZHVW HQHUJ\ XVH IRU FRROLQJ LQ FKDQJLQJ ZLQGRZ RSHUDWLRQ XVHU W\SH DFWLYH LV REVHUYHG LQ VXPPHU
SUREDEO\EHFDXVHZLQGRZRSHQLQJHQFRXUDJHVWKHQDWXUDOYHQWLODWLRQRIWKHLQGRRUHQYLURQPHQW
$VDFRQVHTXHQFHRIWKHFOLPDWLFFKDUDFWHULVWLFVRIWKHVHOHFWHGZHDWKHU]RQHWKHGLIIHUHQFHLQKDQGOLQJZLQGRZ
FRQWUROV\VWHPLVOHVVHYLGHQWGXULQJWKHZLQWHUDQGLQWHUPHGLDWHVHDVRQV
&RROLQJ ORDGV DUH IRUFHIXOO\ DIIHFWHG E\ ZLQGRZ RSHQLQJ 2QFH SUREDELOLVWLF FRQWURO LV SHUPLWWHG VXPPHU
UHGXFWLRQVLQFRROLQJORDGVDUHLQWKHRUGHURIIRUDFWLYHXVHUVDQGIRUSDVVLYHLH(&RROLQJVWDQGDUGVXPPHU
 N:KP

7KHUHVXOWVVKRZQLQ)LJKLJKOLJKWWKDWWKHUHIHUHQFHPRGHOLVDOZD\VEHWZHHQWKHRWKHUW\SHVRIXVHUVDFWLYH
DQGSDVVLYHZLWKDYDOXHRIN:KPGXULQJWKHVXPPHUGHFUHDVLQJWRN:KPDQGWRVOLJKWO\PRUHWKDQ
]HURN:KPLQWKHLQWHUPHGLDWHDQGZLQWHUVHDVRQUHVSHFWLYHO\
7KH &9 RI DOO W\SHV RI LPSOHPHQWHG XVHU PRGHOV KDV WKH VDPH WUHQG )LJ E 0RUHRYHU ORRNLQJ DW WKH
VWDQGDUGGHYLDWLRQQXPHULFDOYDOXHV6'LVDOPRVWVLPLODULQDOOFDVHV)LJDDVSURYHGE\6'YDOXHVSDVVLQJ
IURPMXVWN:KPIRUDFWLYHDQGSDVVLYHWRN:KPIRUUHIHUHQFHLQVXPPHU
)LJD0HDQYDOXHVDQGVWDQGDUGGHYLDWLRQE&9YDOXHVGHULYLQJ
IURPWKHSUREDELOLVWLFDSSURDFKIRU+HDWLQJ
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&RQFOXVLRQDQGIXWXUHZRUN
7KH VHW RI PRGHOV SUHVHQWHG LQ WKLV SDSHU DUH DQ DWWHPSW WR VLPXODWH WKH LPSDFW RI LQGLYLGXDO EHKDYLRXU E\
LPSOHPHQWLQJWKHORJLVWLFUHJUHVVLRQPRGHOVLQWHQGHGIRUDFWLYHDQGSDVVLYH>@DQGJHQHUDOL]HGZLQGRZEHKDYLRXU
>@RQEXLOGLQJHQHUJ\VLPXODWLRQ
7KH LQYHVWLJDWLRQV FDUULHG RXW LQ WKLV UHVHDUFK GHPRQVWUDWH WKH LPSRUWDQFH RI WDNLQJ LQWR DFFRXQW ZLQGRZ
RSHQLQJEHKDYLRXUIRUDEHWWHUXQGHUVWDQGLQJRIWKHHQHUJ\XVHSDWWHUQVRIRIILFHEXLOGLQJV
7KHUHIRUH D JHQHUDOL]HG PRGHO RI XVHU EHKDYLRXU PD\ XQGHUHVWLPDWH RU RYHUHVWLPDWH WKH SUHGLFWHG HQHUJ\
FRQVXPSWLRQRIDEXLOGLQJFRQVHTXHQWO\UHVXOWLQJLQDZURQJHVWLPDWLRQRIH[SHFWHGHQHUJ\FRQVXPSWLRQ
)ROORZLQJ WKH FXUUHQW UHVHDUFK IXWXUH VWXGLHV VKRXOG IRFXV PRUH RQ WKH GLVWLQFWLRQ EHWZHHQ XVHUV ZKHQ
FRQVLGHULQJ RFFXSDQW EHKDYLRXU LQ RUGHU WR SURYLGH DPRUH SUHFLVH UHSUHVHQWDWLRQ RI UHDOLW\ E\ VLPXODWLRQ WRROV
SUHGLFWLRQPHWKRGV $OWKRXJK WKH SURSRVHGPHWKRGRORJ\ DVSLUHV WR LPSURYH HQHUJ\ HIILFLHQF\ LQ QHZ EXLOGLQJV
GXULQJDQHDUOLHUSKDVHRIGHVLJQWKLVFDQDOVREHDSSOLHGWRUHWURILWWLQJSURMHFWVLQH[LVWLQJEXLOGLQJV
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